), bibliographies, pertinent reviews, and meeting abstracts. STUDY SELECTION: We included studies examining the relationship between the pre-and post-2003 time periods and patient outcomes (mortality, complications, errors), resident education (standardized test scores, clinical experience), and well-being (as measured by the Maslach Burnout Inventory). We excluded non-US studies. DATA EXTRACTION: One rater used structured data collection forms to abstract data on study design, quality, and outcomes. We synthesized the literature qualitatively and included a meta-analysis of patient mortality. RESULTS: Of 5,345 studies identified, 60 met eligibility criteria. Twenty-eight studies included an objective outcome related to patients; 10 assessed standardized resident examination scores; 26 assessed resident operative experience. Eight assessed resident burnout. Metaanalysis of the mortality studies revealed a significant improvement in mortality in the post-2003 time period with a pooled odds ratio (OR) of 0.9 (95% CI: 0.84, 0.95). These results were significant for medical (OR 0.91; 95% CI: 0.85, 0.98) and surgical patients (OR 0.86; 95% CI: 0.75, 0.97). However, significant heterogeneity was present (I 2 83%). Patient complications were more nuanced. Some increased in frequency; others decreased. Outcomes for resident operative experience and standardized knowledge tests varied substantially across studies. Resident well-being improved in most studies. LIMITATIONS: Most studies were observational. Not all studies of mortality provided enough information to be included in the meta-analysis. We used unadjusted odds ratios in the meta-analysis; statistical heterogeneity was substantial. Publication bias is possible.
INTRODUCTION
In 2003, the Accreditation Council for Graduate Medical Education (ACGME) reduced resident work hours for all US residents. 1 Resident well-being and patient safety were the main concerns relating to the excessive duty hours that residents sometimes worked prior to the 2003 changes. Even after these modifications, concerns remained about how compliant residents were with the duty hour rules, 2 and one rigorous study suggested that further reductions in maximum shift length could lead to safer patient care. 3 The Institute of Medicine (IOM) conducted an investigation in 2008 and published recommendations for further reductions in resident duty hours. 4 Partially in response to the IOM report, the ACGME convened a duty hours task force to examine the issues and propose revisions in the duty hour standards. Those proposals were made public in June 2010 and will go into effect in July 2011. 5 No changes were made to the 80-h/week limit or to the maximum frequency of call (every 3rd night). However, interns will now be held to a maximum shift length of 16 h. Residents who are post-graduate year (PGY) 2 and above will still be able to work 24-h shifts, but with only 4 additional h for hand-offs (reduced from 6 h). 5 As residency programs prepare for the implementation of the new standards, it would be helpful to review how patient care and residents' lives have changed since the 2003 duty hour rules were implemented. Our objective was to synthesize the research that specifically assessed the relationship of the preand post-2003 time periods to patient and resident outcomes.
METHODS

Data Sources
This systematic review was part of a larger project completed at the request of the Accreditation Council for Graduate Medical
Prior Presentations This work was presented at the 2010 national SGIM meeting and at the 2010 national Society of Hospital Medicine meeting, both times in poster form.
Electronic supplementary material The online version of this article (doi:10.1007/s11606-011-1657-1) contains supplementary material, which is available to authorized users.
Education (ACGME). The overall project goal was to examine all aspects of resident duty hours including sleep, fatigue, education, well-being, learning environment, patient safety, moonlighting, supervision, and the effects of the 2003 duty hour standards. 6 Here we present the results of the studies examining the possible effect of the 2003 ACGME duty hour regulations on patient and resident outcomes. We followed PRISMA guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses ). 7 We conducted an electronic search of the literature in Medline and Embase in June 2009. The Medline search included in-process papers and was updated in May 2010. We updated the Embase search in June 2010. We used an extensive search strategy in Medline, based on prior work 8, 9 and consultation with a reference librarian. We conducted a similar search in Embase. We used a combination of MESH subheadings and keywords that can be accessed online. We limited the entire list to studies published in 1989 or later and to English language papers. We reviewed the bibliographies of all included studies, and previous reviews, to identify additional studies.
To 
Study Selection
Inclusion criteria were that the study had to contain data collected after the 2003 ACGME duty hour rules went into effect. If studies contained data prior to implementation of the 2003 duty hour rules, but the data had been obtained after instituting changes to achieve compliance with the duty hour rules, we included these studies. The included studies also had to have been conducted to assess the impact of the duty hour reform. Since ACGME duty hour regulations apply only to accredited programs in the United States, we included only studies conducted in the US.
We identified 5,345 citations in our electronic searches, and we reviewed the abstracts of all pertinent articles (Fig. 1) . We divided the abstracts between the three study team members for review. During weekly conference calls, we discussed the abstracts about which we were uncertain and came to consensus about inclusion. In all decisions, we erred on the side of inclusion. Abstracts were rejected without further review if they were not research articles or they did not address the study topic. Each article was reviewed by the same study team member who had originally reviewed that paper's abstract. Again, we discussed uncertainties regarding inclusion of papers as a group. Only one pertinent abstract was found in the meeting proceedings. It did not significantly change the results. 10 We then excluded studies that did not 
Data Abstraction
We abstracted data from each study into a structured data abstraction form in a database called Research Electronic Data Capture (REDCap). 12 This form included information on specialty, sample characteristics, study duration, study design, study quality (see below), and outcomes. One study team member (KF) reviewed all included papers and abstracted all of the relevant data from them. To validate the abstraction process, the other two study team members each reviewed a randomly selected sample of 15 papers and abstracted all quality-related items from each. Other large systematic reviews have used a similar approach. 13 Interrater agreement on study quality scores was calculated using a weighted kappa.
Assessment of Study Quality
We used the Medical Education Research Quality Index (MERSQI) to assess study quality. Substantial evidence supports the use of MERSQI scores for evaluating research study quality. 14 The MERSQI has a maximum score of 18, with 9.8 as an average score for medical education research studies. For the studies assessing patient outcomes, we rated the study quality again using the United States Preventive Services Task Force criteria for cohort studies. 15 One point is awarded for meeting each of seven criteria for study quality, resulting in a 0-7 score, with 7 representing the highest quality possible.
Synthesis of the Results
We qualitatively synthesized the results of the studies in a deliberative process that included weekly conference calls and research-in-progress presentations. We plotted outcomes versus quality scores in an effort to understand the significance of the trends that we noticed. We considered the risk of bias such as publication bias, which would favor studies with significant outcomes. We were also cognizant of selective reporting of significant outcomes within our included studies, and tried to include and consider the importance of null results as well.
We conducted a meta-analysis assuming random effects (Stata version 11.2, College Station, TX) on the mortality studies that provided enough detail to calculate odds ratios (n = 14). One study 16 included patients that were a subset of patients from two other studies, 17 ,18 so we excluded the study with the duplicate patients. We used the mean upper and lower confidence intervals of the combined studies for two of the studies. The first was a study that reported no deaths in either group, 19 so confidence intervals were not available. The second study reported one death in the pre-2003 period and none in the post period. 20 Because the number of deaths was virtually the same and odds ratios cannot be calculated with a zero in them, we assigned an odds ratio of 1 to that study. Not all of the studies included information on adjusted odds ratios; hence, we used unadjusted odds ratios. When not included, we calculated them. In the studies that included data for more than 1 post-2003 year, we included the most recent year. The mortality outcomes varied across studies (e.g., in-hospital mortality, 30-day mortality). We also performed meta-analysis separately for studies with medical and surgical patients. We assessed publication bias using the Egger's test for small study effects.
RESULTS
A list of all 60 included studies can be found in the online table. In the following paragraphs, we focus on three overarching themes: patient safety, resident education and resident well-being. For the studies that had quality rated by two Figure 1 . Flow chart summarizing the number of abstracts/papers reviewed for this project and the reasons for excluding abstracts/papers from further review.
investigators, the raw percent agreement was 89% and the kappa was 0.67, representing substantial agreement. 75 The We conducted a meta-analysis on the 14 studies that included enough detail for the calculations (Fig. 2) . The results of the meta-analysis with all included studies revealed a pooled estimate of the odds ratio of 0.9 (0.84, 0.95). Separate metaanalyses were performed for studies assessing mortality in medical (OR 0.91; 0.85, 0.98) and surgical (OR 0.86; 0.75, 0.97) patients, and these also showed significant improvement in the post-2003 period. Significant heterogeneity was present (I 2 83%, p<0.01); I 2 >56% is considered large.
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. The Egger's test failed to show a small study effect, suggesting that publication bias was not present (z=−0.05; p=0.97).
Complications
The association of duty hour reform and complications was evaluated in 24 studies (Table 1) . A diverse group of complications was evaluated, including surgical complications (e.g., intra-operative, postoperative) and medical [e.g., Intensive Care Unit (ICU) transfers, days on ventilators, adverse drug events]. The preponderance of studies demonstrated that some outcomes improved, some worsened, and some were unchanged.
We highlight the studies of highest quality. All used national databases and controlled for secular trends by comparing teaching intensive and non-teaching intensive hospitals. Browne et al. studied patients with hip fractures, and demonstrated that pneumonia, hematoma, and need for transfusions were significantly more likely in the post-duty hour time period, although measures of effect size were not included. 67 In that study, many other complications did not differ between the two time periods. Rosen et al. demonstrated that in Medicare and VA patients, most patient safety indicators (PSIs), which are adverse events that are identifiable in administrative data, 77 were equally common in both time periods, although certain PSIs occurred more often in the post-duty hour time period in the VA patients (OR 1.63). 78 Silber et al. found no increased risk of prolonged hospitalization in Medicare or VA patients. 79 
Errors
Two studies assessed actual errors (as opposed to self-reported errors). A study in pediatric residents failed to show improvement in medication errors after changes to reduce duty hours were implemented. 80 The other study showed that intercepted medication errors made by internal medicine residents were decreased after duty hour rules were initiated. 26 
The 2003 Duty Hour Rules and Resident Education
This section focuses on the results of studies objectively measuring education using standardized tests and clinical experience. Heterogeneity in outcomes and incomplete reporting precluded meta-analysis.
Standardized Tests
Ten studies assessed the impact of the duty hour rules on standardized tests (see Table 2 ). Nine studies were of surgical (or surgical subspecialty) in-training examination scores, 49, 50, 52, 54, 61, 64, 69, 70, 73 and one examined the obstetrics and gynecology in-training examination. 35 These were mostly small single site studies with sample sizes ranging from 28 to 238. Several did not report the number of residents included. Two studies reported an improvement in test scores after the duty hour rules were implemented. 61, 64 In the first, scores increased for interns only (from 59.5 to 72.4, p= 0.006), but were unchanged among the other residents. 61 In the other study, residents' basic science and overall scores increased (by 4.7% and 3.6%, respectively), while clinical management scores did not. 64 Five studies showed no change in examination scores between the pre-and post-duty hour periods. 35, 52, 54, 69, 73 Two studies demonstrated a decrease in examination scores between the pre-and post-duty hour periods.
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Operative Experience
The difference in operative experience before and after reform has been reported in 26 studies ( Table 2 ). The type of operative experience varied between studies. Of the 17 studies that evaluated the relationship between duty hour rules and overall surgical experience or overall experience as the main surgeon, two showed significant decreases, one showed a significant increase, nine showed no change, 40, 52, 54, 55, 59, 64, 71, 73, 81 and several others did not report statistical analyses. Many of these studies were single site studies, and likely underpowered to detect a true difference. Other studies suggest that the volume of certain procedures may have changed; this outcome would not be captured in studies examining only overall operative experience. One study of cardiothoracic surgical experience showed that overall experience with coronary artery bypass grafting significantly decreased in the post-duty hour time period (from 148 cases to 110 cases combining all years of residency). 82 Another study of abdominal trauma surgery 42 found that the overall number of operative procedures per graduating resident in the last 2 years of their residency did not differ between the pre-and post-duty hour periods; however, there was a significant decrease in the number of advanced emergency abdominal cases (51 versus 31) and an increase in the number of basic abdominal cases 83 One theme identified in the analysis of the interviews was that routine work was being shifted from residents to faculty. For example, they reported that residents only come to the operating room, while the faculty provided the preoperative and postoperative care. Another study counted the use of the relative value unit (RVU) modifier "-82," which signifies that no qualified resident was available. 71 The use of this modifier increased from 523 in the 2 years prior to duty hour rules to 6,542 in the 2 years post-duty hour rules. 71 
The 2003 Duty Hour Rules and Resident Well-Being
Eight studies assessed burnout, using the Maslach Burnout Inventory (see Table 3 ). One of these studies reported burnout in a cross-sectional study 23 and reported the same data as part of a pre-post analysis. 22 We include only the pre-post information in Table 3 . Rates of burnout did not statistically significantly worsen in any study, although there was a nonsignificant worsening in one study. 21 Burnout improved in five studies, 22 ,30,36,51,54 most often as a result of a decrease in emotional exhaustion. Two studies found that a higher number of work hours was related to burnout. 30, 51 Specifically, in one study, working >80 h corresponded to rates of burnout near 70%, which decreased to 39% when working <80 h per week. 30 
DISCUSSION
Appropriate duty hour reform must consider the interests of all stakeholders involved. In a review of the frameworks used to conceptualize this discussion, Schwartz et al. point out that it is imperative to work from models that take into account the trade-offs associated with public policy issues such as this one. 84 A recent review by Jamal and colleagues focused on the effects of duty hour limits on surgeons 85 , and a second review by Reed et al. examined evidence specifically pertaining to shift length and night float 86 . Our review differs from and expands upon these prior reviews by providing a comprehensive synthesis of the impact of the 2003 duty hour policy reforms on the most important stakeholder groups: patients and residents of all specialties. Our major findings were in the areas of patient safety, resident education, and resident well-being. With respect to Odds ratios are illustrated for medical patients, surgical patients and overall. The two studies by Volpp included both medical and surgical patients. For those studies, the medical patient data were included in the top portion with the other medical studies, and the surgical patient data were included in the bottom portion with the surgical studies. The boxes around the mean represent the study weight, while the lines extending outward from the mean represent the 95% confidence interval around the odds ratio. Participants are residents, unless otherwise specified. Outcome measures include standardized examination scores and/or pass rates and operative experience reported as number of cases, unless otherwise specified. For operative experience, we report numbers for overall and final (chief) year of residency PGY=post-graduate year a Statistically significant at the p<0.05 level or less †Number not provided ‡See Measures column The finding that mortality has improved over time must be considered with several important caveats. First, we used unadjusted odds ratios to conduct our analyses. Therefore, we cannot account for differences in patient characteristics between the two time periods. Of particular importance is the fact that we could not take advantage of the adjustments made in the subset of studies that used non-teaching hospitals as controls to account for temporal trends. 17, 18, 27, 28 It is important to note that after adjustment those studies largely found no change in mortality between pre-and post-2003. Therefore, our meta-analysis results could easily reflect improvements in quality of care that occurred over the time period studied rather than a direct result of the duty hour rules.
Complications were more nuanced, with some improving and some worsening in the post-2003 time period. One possible explanation for these variable results is that strategies for complying with duty hour reform may lead to improvements in certain types of complications, and a worsening in others. Another possible explanation is that certain complications are more sensitive to fatigue, and these improved post-reform, whereas outcomes more sensitive to discontinuity of care worsened. For example, in one surgical study, bile duct injuries decreased in the post-2003 time period, but conversion from laparoscopic to open cholecystectomy was significantly more common in the post-2003 time. 20 Improved manual dexterity from being better rested could account for the former finding, consistent with prior simulation studies. [87] [88] [89] The latter finding of more conversions to open procedures could reflect the impact of less resident experience with laparoscopy in the post-2003 time period. Less continuity of care may also contribute to certain complications. For example, if doctors are less familiar with patients, this could lead to delayed decisions and therapeutic interventions. This phenomenon could partially explain the increase in the number of cardiac surgery patients that remained on ventilators for >48 h in one of our studies. 90 A third possibility is that these inconsistencies simply represent variation due to local factors or chance. For example, the complication of postoperative pneumonia was increased in one study 67 and lessened in another. 52 We are unable to explain the specific patterns found in these studies by any one of these explanations alone, so other factors are likely involved as well. Regardless, many complications appear to be worsening in the post-reform period, and this deserves further study as additional changes to duty hour rules are made. The impact of duty hour reform on resident experience is also important. Today's residents will become tomorrow's independent doctors, and we must be confident that they are ready for practice. 91, 92 Most studies in our review did not demonstrate significant differences in overall resident operative experience between the pre-2003 and post-2003 time periods. However, the role of residents in surgeries may be evolving to one in which they have less responsibility. In addition, none of the studies assessed residents who had trained entirely after the 2003 reform compared with those who trained before the reform. Moving forward into an era of further restrictions, it will be essential to study not only the number of surgeries performed, but also the specific surgeries performed and the residents' roles in those surgeries. This will allow us to better understand the full effect of reform on residents' operative experience. There remains a paucity of data on patient care experience in the nonoperative specialties. The non-surgical specialties could easily track the admitting diagnoses of all patients their interns see or the non-operative procedures that they perform. It is important to determine whether other specialties are struggling to maintain training experiences. Another interesting finding from this review was the improvement in resident well-being following the 2003 duty hour reforms, which has been noted in prior work. 9 We focused on burnout in this review, but other studies have corroborated the improvement in well-being by documenting more residents having babies in the post-2003 time period, 93 greater ability to attend family events, 38 and less perceived stress. 94 However, other aspects of well-being such as rates of depression do not seem to have changed between the pre-2003 period and the post-2003 period. 21, 22, 36, 95 Prior research has demonstrated links between resident well-being and quality of patient care, 96, 97 making preservation of resident well-being extremely important. This improvement in well-being may be one explanation for why some patient care parameters are improving in the post-2003 time period. Our study has limitations. Perhaps the greatest limitation of this review is that our conclusions rest upon studies demonstrating association, not causality. It is likely that other contextual changes unrelated to duty hour rules contribute to the observed effects. These confounders may explain much of the heterogeneity that we observe. However, decisions must frequently be made in the context of incomplete evidence. While a causal relationship between the duty hour rules and outcomes cannot be determined with certainty from the studies cited, we have diligently identified and synthesized the best available evidence. The possibility of publication bias is also a limitation. We reviewed abstracts from recent meetings in order to capture studies that have not yet made it to publication and also asked an expert to review our bibliography for omissions. Other limitations include the wide range of quality of the included studies. To account for this variability, we used the MERSQI to rate and compare study quality objectively. However, since the MERSQI is designed to measure quality across the full range of quantitative study designs, the instrument incorporates only broad aspects of methodological quality and thus does not account for finer methodological differences within study types. The decision about whether to include a study was made by a single reviewer, although we erred on the side of inclusion and discussed studies about which we were unsure. Additionally, most data from each study were abstracted by a single reviewer and could have been inaccurate. Finally, the reviewers were not blinded to the study authors or journals, which could result in bias as well. Despite these limitations, this review was comprehensive, including over 60 studies. This allows conclusions to be drawn that were not possible when the last comprehensive reviews on this subject were published. 8, 9 Limitations notwithstanding, this review provides a comprehensive synthesis of the evidence base for the 2003 duty hour reforms in the US. The balance of evidence suggests that burnout among residents has decreased. Given the unacceptably high prevalence of burnout among trainees, 96 reforms are more mixed, preventing the formulation of any firm conclusions. Moreover, while our review included several studies that examined surgical residents' operative experience before and after duty hour reform, we were unable to identify any study assessing the impact of the 2003 duty hour rules on the clinical experience of non-surgical residents (e.g., the number of patients seen with specific diagnoses or the number of bedside procedures done). As the new 2011 duty hour rules are implemented, it will be important to quantify any changes in the breadth of clinical exposure for all residents. While this review suggests a modest decrease in mortality following the 2003 duty hour limits, we are unable to exclude the possibility of secular trends playing a role. Nevertheless, because several studies reported increased rates of certain complications, special attention should be paid to monitoring these complications during future reforms. Future efforts to evaluate the impact of the 2011 duty hour limits should build upon this evidence base by using rigorous methods to examine the most important outcomes related to patient care and residents' education. Role of the Sponsor: The funding sources had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; and preparation, review, or approval of the manuscript.
